The cooling effects of urban green vegetation cover, which can help decrease LST (land surface temperature) in urban area. When air temperature decreases, the electricity consumption of household will also mitigate loading. Meanwhile, that lack of assessment of green vegetation coverage impact to LST and electricity consumption, so that it could not clearly quantify the environmental contribution of green coves. In Taipei city, for example, FVC (fractional vegetation cover) value and LST was collected from Aster satellite remote sensing images, and data of household electricity consumption was acquired from Taiwan Power Company. Based on these three factors, it analyzed relative model. In the urban area, fractional vegetation cover might influence with land surface temperature and electricity consumption. The result shows that when the value of fractional vegetation cover is low, the air temperature is high. While fractional vegetation cover is increase, not only the land surface temperature is decreasing but the electricity consumption is also reducing. This study hopes can be the reference materials for the future metropolis plan and to inhibit the spread of urban thermal environment.
Introduction


In Taipei, the capital of Taiwan, summer temperature was as high as 38. 6 o C, and the average urban air temperature has risen by 1.82 o C over the last century. Part of the rise in the air temperature due to global warming, on the other hand, the significant rise reason caused by UHI (urban heat islands), more importantly, depends on the development of urban areas, man-made environment and land use activities affected. In addition, UHI leads to an increase in the energy consumption [1] . As reported by the Taiwan Power Company, the air temperature increase for each 1 o C rise is equivalent to 3% of this base electricity load over the 30 o C summer time.
Many manage measures against UHI have been considered, primarily to decrease the air temperature.
During the summer months, such green vegetation cover might reduce outside air temperatures, then reducing energy consumption. About 45% of Taiwan's electricity consumption in summer was use of electricity in the air condition, to reduce the urban heat environmental discomfort. Urban thermal environment mainly affected by climatic factors, more importantly, depends on the development of urban areas, residence patterns and land use activities influenced [2] .
In response to urban heat island effect, increase green area and fractional vegetation cover is considered to be the main measures to reduce air temperature, while lowering the air temperature is an important factor in saving power consumption. Green coverage can slow down the surface temperature increases. Also it has a great effect to improve the heat island phenomenon, every 10% increase green cover, and then the temperature can be reduced 0.5 o C of Taipei [3] . Many studies have investigated electric power consumption, most of these studies have aimed to quantify the impacts of climate changes on the energy demand in urban environment [4] . The other studies have been based on electricity consumption data with not only monthly or daily but also hourly intervals for collecting the data. 
Study Area and Data
Remote sensing methods proposed in this study were applied in urban areas, Taipei Taiwan. Taipei city is located in the Taipei Basin in northern Taiwan. Climate is sub-tropical climate on the distribution area, in 2012 the annual average temperature of 23.2 o C, the average relative humidity of 76.6%, the average number of 1,405 h of sunshine, rainfall 2,405 mm, rainy days almost 165 days a year. Taipei city is situated in the northern part of Taiwan Island to include the northeast of the Taipei Basin and the surrounding hill areas. It borders Taipei county all around (Fig. 1) . The length from north to south is 27.66 km, and width from east to west is 20.75 km, that total areas are 271.8 km 2 . At the end of 2011, the population reached 2,650,968. Orthorectified Aster (advanced spaceborne thermal emission and reflection) radiometer imagery of the study area was obtained for the image date 15 July 2012 from the USGS (US Geological Survey). A false color composite of the study area image is shown in Fig. 1 . For this study, the 15 m resolution red (0.63-0.69 μm) and near infrared (nir: 0.76-0.86 μm) image bands were used for calculating FVC indices, and thermal infrared bands (10.25-11.65) were used for calculating surface temperatures.
Methodology and Data Processing
Fractional Vegetation Cover
FVC, which is defined as the percentage of vegetation occupying a unit area which is derived from Fig. 1 The location of study area (Taipei, Taiwan) and its Aster satellite images.
Estimation of the Relationship among Fractional Vegetation Cover, Land
Surface Temperature and Electricity Consumption in Taipei City   357 remote sensing data, in urban areas may also influence air quality and even human health [5] . There are three different kind of methods used now in FVC estimation, field measurements, spectral mixture analysis and vegetation indices. Field measurement is usually too expensive, spectral mixture analysis decomposes each pixel into a linear component [6] which methods are difficult to apply to regions with urban and suburban areas with a homogeneous land surface [7] , vegetation indices established empirical relationships between the ground and vegetation indices. In this research, the study areas were for the most part of urban areas. Consequently, we also explored a transformation of NDVI (normalized difference vegetation index) into values associated with cover fraction using empirical relations with vegetation indices, as a possible basis function. NDVI given by:
where, nir is at-surface reflectivity obtained from that located in the near infrared (nir) spectral region, and red is at red spectral region. FVC can be estimated from NDVI, for example using the form suggested by Choudhury et al. [8] :
where, NDVI min and NDVI max nominally describe the minimum and maximum of NDVI values expected within the scene, and are determined here by the lower and upper 3% tails of the NDVI distribution, chosen to exclude outliers. Fig. 2 shows the FVC distributions on July 15, 2012, from which we can also see that the vegetation density was scarce in the urban areas almost under 20%. Mountain areas on suburban were rich vegetation cover, most of them over 50%. There was average 34.5% in whole city.
Land Surface Temperatures
Various algorithms have been developed for converting Aster TIR (thermal infrared) measurements to LST as reported by the Aster temperature/emissivity working group [9] and Hulley et al. [10] .
However, a universally accepted method is not available at this time for computing LSTs from multiple bands of TIR data such as those found in Aster data. In this study, we selected Aster band 13 and 14 (10.25-11.65 μm) to compute LST, because the spectral width of this band is close to the peak radiation of the black-body spectrum given off by the urban surface of the study area. Two steps were taken to compute LST: (1) converting spectral radiance to at-sensor brightness temperature (i.e., black-body temperature); (2) correcting for spectral emissivity. We adopted the most straightforward approximation to replace the sensor response function with a delta 
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function at the sensor's central wavelength to invert LST with the assumption of uniform emissivity [11, 12] . That conversion formula is:
where, Tc is brightness temperature in Kelvin (K) from a central wavelength, L λ is spectral radiance in Therefore, corrections for spectral emissivity (ε) became necessary according to the nature of land cover. Each of the land-cover categories was assigned an emissivity value according to the emissivity classification scheme by Jiménez-Muñoz et al. [13] . The emissivity-corrected LSTs were computed as follows:
where, λ = wavelength of emitted radiance (for which the peak response and the average of the limiting wavelengths (λ = 10.6 μm) was used when calculate band 13), [14] .
From the derived emissivity values (ε), the maximum values are observed over agricultural cropland that ranges from 0.964 to 0.975 (mean of 0.970 and standard deviation of 0.0018). Dense vegetation (mainly forest) depicted emissivity values in the range 0.955 to 0.970 (mean of 0.961 and standard deviation of 0.001) as the vegetation in forest area is of shrubs type (water has the highest emissivity value). The emissivity values on high dense built-up and commercial, industrial are found to be in the range of 0.92 to 0.96 (mean of 0.943 and standard deviation of 0.002). That it depends its land use tape to value emissivity values (ε) in the formula, then we averaged calculate L T from band 13 and 14 to get the map of land surface temperatures (Fig. 3) .
Electricity Power Consumption
The electric power consumption data were obtained from Taiwan Power Company, which data were include nine district of Taipei. The hourly data span the period from January 1 to December 31, 2012 . That is to analyze the hourly electric power consumption to meteorological elements. However, these data can be analyzed in an area of full year's consumption, but also one day is able to choose the distribution analysis for power consumption of whole city.
When benchmark the building in energy use, one of the key metrics you will see is energy use intensity, or call EUI (energy use intensity). Essentially, the EUI expresses a building's energy use as a function of its size or other characteristic. As the metric of EUI, in here we took GEUI (gross energy use intensity) to analysis, it defined as a measure of district energy use per unit area. Energy demand can be gauged by degree-days, average monthly values, one hour of electricity. Formula as follows:
where, numerator is average one hour degree of total energy consumed in one month (or one day) (kWh), and denominator is total areas of the districts (m 2 ). In this study, power consumption data included nine districts, each district includes residential land use areas are 30% to 40%, and commercial land use areas are 10% to 20%, and the other are schools and public facilities. On July 2012, average one hour degree of total energy consumed in one month (GEUIm) scale of 60 to 625 (Wh/m 2 /d). 
Analysis and Discussion
Analyses of FVC Using Aster Image Data
Multi-temporal Aster thermal and reactive data were used to study the spatial analysis of LST in relation to a vegetation index in Taipei, the metropolis urban area in the north of Taiwan. Minimum noise fraction was performed on the Aster data to reduce the data redundancy and correlation between spectral bands. FVC was applied to band 1 to 3 of the Aster images. For image classification, unit of urban blocks was initially performed on Aster data for an idea of the same relatively unit of FVC, LST and GEUI. Digital urban planning maps of GIS (geographic information system) was used to select as a comparatively platform. Based on the FVC maps sets by the Aster data, point shape file data format was selected in the intermediary data from remote sensing to GIS vectors imagery. and south-east part of city. Medium FVC values (grey green areas to bright areas) are observed over agricultural croplands and suburban low density land use. Analysis between the NDVI and the FVC image shows a positive Pearson's correlation coefficient of 0.6137 and correlation is significant at the level less than 0.001 (1-tailed). It is also observed that the relationship between these two vegetation indicators is a linear for different land use and land cover categories. These results are further analyzed with surface temperature.
Analysis of LST of Aster Image Data
LST was applied to band 13 to 14 of the Aster images. For image classification, unit of urban blocks was initially performed on Aster data for an idea of
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the same relatively unit of FVC, LST and GEUI. Therefore, digital urban planning maps of GIS was used to select as a comparatively platform. The LST maps data were transformed to shape-file data format, and then it was averaged in same block data and setup to GIS vectors imagery. The hot spots displayed as dark color could be easily identified in Fig. 5 
Analysis of GEUI (Gross Energy Use Intensity)
Gross energy use intensity was defined as district energy use per unit area. The data through year 2012 was obtained from Taiwan 
Relationship among FVC, LST and GEUId
According to city-block-scale, it took whole Taipei city to analyze relationship between FVC, LST and GEUId. There were 13,956 data of blocks to calculate. intensity. There was a trend that if FVC increases, the electricity consumption tends to decrease. And, as we can see, the higher the land surface temperature was, the more consumption the energy used.
Spatial Relationships between FVC and LST
Based on the individual street blocks of land use zoning units, a total of 13,855 documents were been overlaid FVC and LST to do analysis. To investigate the relationship of FVC-LST slope, a land cover classification was used zoning map of 28 classes land use types used on GISs. And then, a total of 28 kinds of the land use sub zoning were categorized (Table 1) .
Pearson's correlation analysis was conducted to explore the relationships between LST, thermal features (i.e., man-make environment), and FVC, green cover descriptors (i.e., vegetation abundance, grasslands and soil fractions) by land-cover classes. Also, the image was mapped by urban planning, based on zoning map to class 28 land-cover types. Land use types were zoned: (1) high-density land use, such as residential area, commercial area, administrative area, industrial area, special use etc.; (2) public facilities: school, historic preservation, plaza, gas station, power substation, railroad, parking, airport, market, waster/sewage treatment etc.; (3) green-dominated lands: park, recreation, national park, entertainment, scenic area, conservation district, green space, agriculture; (4) transportation area, freeway, and so on.
Multiple regression analysis was further conducted to assess the relative importance of each FVC variable for explaining LST patterns. The coefficient of determination (R 2 ) was used to evaluate regression 
Spatial Relationships between LST and GEUI
When we analyzed the hourly data of whole year, which electric power consumption data were from Taiwan Power Company and comparatively temperature data were from fixed weather station as the similar location. Take the example of Shilin residential district, the monthly electricity consumption (GEUIm) is shown in Fig. 9 . The GEUIm curve is tendency towards the temperature curve and its consumption has increased 1.7 times from lowest to highest during one year. Meanwhile, electricity consumption is increase as temperature is decrease in the winter day. It shows a strong seasonal cycle, demonstrating a temperature-dependent characteristic. Fig. 10 illustrates scatter diagrams and regression curve which show the inter-relationship between the daily average electricity consumption and the daily mean temperature. In general, electricity consumption increases when the temperature rises. The temperature function of electricity was best fit by a power 2 polynomial curve fitting tendency revealed that daily electricity consumptions within one year are clearly temperature dependent. The regression functions were satisfied at 0.05 significance level and R 2 correlation coefficients exceeded 0.798. So, that may say, the higher the land surface temperature was, the more consumption the energy used.
Conclusions
In this paper, quantitative analyses have been used to study the relationship among FVC, LST and GEUI. It demonstrates how fraction images derived from an FVC approach can be used to examine the relationships with LST under the urban environment. LST was found to correlate positively with high-density land use, but negatively with greenery areas. High-density land use such as commercial, residential district posed a stronger impact on LST than cold objects such as park, school, or cover with vegetation areas. From the relationship analysis that characterized green cover could reduce outside temperature.
Using the regression analysis, we could obtain a high-precision estimate of the electric power consumption according to air temperature. The temperature function of electricity was best fit by a polynomial curve-fitting tendency revealed that daily electricity consumptions within one year are clearly temperature dependent. Electricity consumptions of household were changed with the land surface temperature, which was proven by the higher UHI intensity on July in both city scale and district levels in this study. FVC would be another important impact factor to electricity consumption, and the electricity consumption would be lower when the study area is greenery.
The results showed that fractional vegetation cover closely related land surface temperature and energy consumption. On the other hand, increased green cover can decrease urban air temperature. And as thermal temperature decreased, the power consumption of household will decline. Finally, increased green covers improve urban thermal environment and construct a better eco-city.
